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B E L L C O M M ,  INC.  

PREFACE 

The f o l l o w i n g  Tech ,n ica l  Memorandum w a s  w r i t t e n  i n  ' 

p r e p a r a t i o n  f o r  and  s u p p o r t  of a s t u d y ,  conduc ted  by t h e  
S c i e n c e  and  Technology Adv i so ry  Committee ( S T A C ) ,  of NASA's 
O f f i c e  of  Manned Space  F l i g h t  on  "The U s e s  of Manned Space  
F l i g h t ,  1 9 7 5 - 1 9 8 5 " .  T h i s  s t u d y  w a s  h e l d  December 6 -9 ,  1 9 6 8 ,  
a t  La J o l l a ,  C a l i f o r n i a .  The ideas and c o n t e n t  of t h e  m e m o -  
randum have been  d i s c u s s e d  d u r i n g  i t s  w r i t i n g  with c e r t a i n  
m e m b e r s  of STAC,  and p a r t i c u l a r  thanks a r e  d u e  L u i s  A l v a r c z  
f o r  h e l p  and comments. The r e s p o n s i b i l i t y  f o r  the s t a t e m e n t s  
mad-e, however,  rests w i t h  the p r e s e n t  a u t - h o r s .  
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I. INTRODUCTION 

The s t u d y  of t h e  p h y s i c s  of o u r  s p a c e  e n v i r o i m c n t  
h a s  been  one  of t h e  most r eward ing  a r e a s  of s p a c e  s c i e n c e .  ( R e f s .  1-6) 
T h i s  s t u d y  has iJeen c a r r i e d  ou t  t h u s  far a l rms t  e n t i r e l y  
w i t h  au tomated  sa t e l l i t i - s ,  and t h i s  pI-c~gr;tln s h o u l d  c o n t i n u e .  
However , a s  an  i n c r e a s l , i g  manned c a p a h i l  i t y  d e v e l o p s  , wc 
c a n  see great p o t e n t i a l  a d v a n t a g e s  a c c r u i r q  t o  ccr ta i r l  areas 
of s p a c e  p h y s i c s  a c t i v i t y .  

I n  t h i s  p:::;er we wi1.1. as31-i 
?<annec? S ~ L C ?  S t a t i o n  capab i1 . i  t y  w i 1 . i  b e  avn.i.1.aiJi.e i n  the posk:. 
19-15  p c r j o d .  T .;:.:;~c~e t l a r c ~ n  w e i g h t  I frc;qiuelit: s u p p l y  
r;ilissioiis, ioiiy iiZeiii:ie ( I ~ o L  r ls&t-ssdi- i ly  c o r l i i r l c a i i y  nisnried j , 
and h i g h  r e l i a b i l i t y .  T h e  a s t r o n a u t  will. add a decjree of 
v e r s z t i l i t y  u n a t - t a i n a b l e  by  o t h s r  systems. While  somc 
e x p e r i m e n t s  c a n  perf o r n i  a u ' i o m a t i c a l l y  , t h e  p r e s e n c e  of I n a n  
is c s s c n t i a . l  i n  t h c  c c x l y  s-tacjes , O t h e i -  experi: jen-ks requ:Lre 
a d e g r e e  of i n t e r a c t i o n  w i t h  t h e  s u b j e c t  of t h e  t y p e  t h a t  
o n l y  a s c i e n t i s t  c a n  p r o v i d e .  T h i s  i s  a l so  t r u e  i n  s p a c e  
e x p e r i m e n t a t i o n .  

W e  w i l l  c o n s i d e r  h e r e  t h e  most  i m p o r t a n t  of t h e  
( f o r e s e e n )  p h y s i c s  r e s e a r c h  a reas  t h a t  w i l l  b e n e f i t  f rom 
t h e  a v a i l a b l e  manned s t a t i o n  c a p a b i l i t i e s :  .. 

1. High Energy and  Cosmic Ray P h y s i c s  

2 .  Behavior  of s o l i d s ,  l i q u j - d s  and g a s e s  i n  z e r o - g r a v i t y  

3 .  R e l a t i v i t y  I Cosmology and Gravi  tatj on Physics 

4 .  MicrorPeteoroid measurements  I Gegensche in ,  Z o d i a c a l  
L iq l - t ,  and  Matter a t  the L i h i z t i o n  P o i n t s  

5 .  Magne tosphe r i c  P h y s i c s  and t h e  S tudy  .of t h e  
Trapped R a d i a t i o n  B e l t s  and  Auro ra ,  Wave Pro-  
p a g a t i o n  i n  a D i l u t e  P lasma,  and I n t e r a c t i o n  of 
t h e  so la r  wind w i t h  t h e  moon 

These f i e l d s  w i l l  be d i s c u s s e d  b r i e f l y  w i t h  
r e f e r e n c e s p r o v i d e d  f o r  more d e t a i l .  
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11. H I G H  ENERGY AND COSMIC KAY - PEYSICS --- 
The e l e c t r o m a g n e t i c  r a d i a t i o n  t h a t  r e a c h e s  t h e  s o l a r  

sys t em h a s  been 7ie  of t h e  most important-  t o o l s  f o r  m a n ' s  quest 
i n t o  t h e  o r i g i n ,  b e h a v i o r ,  and maybe even  end of t h e  U n i v e r s e  
t o  which  h e  b e l o n g s .  T o g e t h e r  w i t h  t h i s  r a d i a t i o n  w e  a re  r e a c h e d  
by a s t e a d y  f l u x  of p a r t i c l e s ,  some of  them w i t h  e n e r g i e s  h i g h e r  
t h a n  a r e  e n v i s i o n e d  as b e i n g  a t t a i n a b l e  o n  e a r t h .  The s t u d y  o f  
t h e  e n e r g y  spec t rum ( e x t e n d i n g  i n t o  t h e  1 0 2 0  e V  r e g i o n ) ,  a n t i -  
mat ter  and n u c l e a r  c o m p o s i t i o n ,  c h a r g e  spec t rum,  and d i r e c t i o n a l i t y  
of t h i s  r a d i a t i o n  i s  e x p e c t e d  t o  y i e l d  i n v a l u a b l e  i n s i g h t s  i n t o  
t h e  a g e  and o r i g i n  of  t h e  U n i v e r s e  and of t h e  e l e m e n t s ,  n u c l e a r  
processes i n  s tars ,  thz ntsclianisns r e s p i i s i b l e  f o r  s u p c ' ~ i l o ~ ~ c e ,  
and mat te r  and m a q n e t i c  f i e l d  d i s t r i b u t i o n s  j-n the  Galaxy .  ( R e f .  7 )  

S i n c e  t h e s e  p a r t i c l e s  a r e  s t r o n g l y  i n t e - a c t i n g ,  s m a l l  
amounts  of  a tmosphe re  c rea te  backgrounds w i t h i n  which t h e  pr . i -  
mary i n f o r n i a t i o n  c a n  be  l o s t .  T h i s  f a c t o r ,  t o g e t h e r  w i t h  the 
long e x p o s u r e  timc n e c e s s a r y  t o  accuniu la te  s i g n i f i . c a n t  an).ounis 
of i n f o r x a t j . o n  rega i -d ing  t.he h i g h  ene rqy  e1-d of t?ie sp~c:t;:i.r:!, 
n- C t : i L .  " ~ . , s  sc;tell j_tes the n=.'iv.ral corive;;c;nc2 :GI- the s t - ~ d y  0 5  cosr.:< :: 
Rays. 

Man's s e a r c h  f o r  knowledge of anci cont . ro1  o v c r  h i s  
env i ronmen t  has led. him i n t o  t h e  rea1.m of t h e  v e r y  small . ,  and 
h i s  advances  have  been i n t i m a t e l y  t i e d  t o  h is ,  a b i l i t y  t o  c r ea t e  
apd u s n  sou.rces of h i g h e r  and h i g h e r  enercjries. C o s m i c  r a y s  
afford o n e  such  soiurce. N h i l e  a 2 0 0  G e V  p ro to i l  be;:rii sho;:ld h e  
o p e r a t i o n z l  e a r l y  i n  the 7 0 ' s  and a 2 0 0  G e V  c e n t e r  of mass 
c o l l i d i n g  beams e x p e r i m e n t a l  f a c i l i t y  c o u l d  be  a v a i l a b l e  i n  t h e  
l a t e  p a r t  of  t h a t  d e c a d e ,  cosmj.c r a y s  r e a c h  well beyond t h e  
r a n g e  of  t h e s e  mach ines .  R e l a t i v e l y  s i m p l e  o r b i t i n g  f a c i l i t i e s  
c o u l d  answer some e x t r e m e l y  i m p o r t a n t  q u e s t i o n s  i n  t h e  f i e l d  o f  
h i g h  e n e r g y  p h y s i c s .  
among t r a n s v e r s e  momentum, l o n g i t u d i . n a 1  momentum, mul t ip l r i  c i t y  
a n d  t o - t a l  eiiergy and match t h e s e  measurements  a g a i . n s t  p r e d i c t i n n s  
of t h e  m u l . t i p e r i p h e r a 1  t h e o r y ,  t h u s  s e t t l i n g  whe the r  i t  i s  v a l i d  
o r  no-;. ?'he i~~casurer ts i i t  of thc.. protor ; -  2rot.01~ to"i2.L c r o s s  s z z t i o n  
a s  a func t i -on  or' ene rgy ,  doni. t o  5 %  s t - a t i s t i c s ,  wou1cf c s -Lab l i sh  
the a s y m p t o t i c  b e h z v i o r  of t h e  i n t e r a c t i o n ,  a n o t h e r  q u a n t i t y  of 
e:; tr exc s igri i f j.c ii nc: e . 
a t  hi.gh ener.rj ies wouIc1 s e t t l e  t h e  argument  hetIseen t h e  o p t i c a l  
and Iieyge Po le s  t h e o r i e s  ( t h e  former  p r e d i c t s  t h a t  t h e  C i i f f r ac -  
t i o n  peak s tays  Loiist .ant,  anci t h e  l a t t e r  leads one  t o  e x p e c t  the 
peak  to s h r i n k  a s  l o g  E . )  Another  s e t  of  answers  w i t h i n  r e a c h  i s :  
d o e s  the t r a n s v e r s e  momentum d i s t r i b u t i o n  law change  a t  v e r y  h i g h  
e n e r g i e s ?  How d o  weak i n t e r a c t i o n s  behave  a t  t h e s e  e n e r g i e s ?  A r e  
t h e r e  heavy p a r t i c l e s  b e i n g  c r e a t e d  w i t h  l a r g e  t r a n s v e r s e  momenta 
as  s o m e  E a r t h  based e x p e r i m e n t s  s e e m  t o  i n d i c a t e ?  

We c o u l d  e a s i l y  measure  c e r t a i n  c o r r e l a t i o n s  

Pro ton- pr o t c n cl i f f er ent i. r? 1 c r o  s s s ec t i  o 11 s 
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. While  uxnanneci p a y l o a d s  c a n  s t u d y  cosmic r a y s ,  a 
r e l a t i v e l y  sma l l  i n c r e m e n t  i n  i n s t r u m e n t a t i o n  , t o g e t h e r  w i t h  
t h e  v e r s a t i l i t y  made a v a i l a b l e  by t h e  u s e  of man t o  r e a r r a n g e *  
and se rv i ce  t h e  hardv7are vou1.d g i v e  u s  a n  exper imenta l -  f a c i l i t y  
t h a t  w o u l d ' d l s o  pr-o::ide v i t a l  i n f o r m a t l d n  i n  t h e  f i e l d  of  h i g h  
e n e r g y  p h y s i c s  i n  t h e  e n e r g y  r e g i o n  below l O l 5  e V .  

C o s m i c  r a y  p h y s i c s ,  t o g e t h e r  w i t h  t h e  h a l f  dozen  
q u e s t i o n s  posed  above ,  c o u l d  be r e s e a r c h e d  by u s e  of o n l y  o n e  
major p i e c e  of equipment :  a s u p e r c o n d u c t i n g  magnet of two t o  
t h r e e  meters d i a m e t e r .  The o p e r a t i o n  of t h i s  magnet  would 
r e q u i r e  e i t h e r  p e r i o d i c  s u p p l i e s  of l i q u i d  he l ium o r  t h e  d e v e l o p -  
ment of a liquid he'l ium r e f r i g e r a t o r  o r  b e t t e r  sv .perconduct ing  
a l l o y s .  S u c c e s s  i n  t h e  l a t t e r  two w i l l  be of  momentous conse -  
quence  o n  E a r t h  a s  well a s  space. Complenent ing  t .he  magnet tl-Lere 
wou1.d be a I.icluid hydroyen t a r g e t  and a. set of i n s t r u m e n t s  s u c h  
a s  p r o p o r t i o n a l  wire ciizinbcrs , d i . g i t i  zcxl r e a d o u t  s p a r k  chambers  , 
s o l i d  Cerenkov c o u n t e r s  , p l a s t i c  s c i n t i l l a t o r s  , e t c  . 

W e  f e e l  t h a t  s u c h  s s p a c e  s t a t j o n  wi l l .  c o n t j n u e  t o  
make i m p o r t a n t  conCi- ibut ions  i n  t h e  s t u d y  of  h i q h  ene rgy  and 
cosmic  r a y  p h y s i c s  for- the next t e n  t o  f i - f t e c n  :-cars, and tht? 
equ ipmen t ,  o n c e  i n  o r b i t ,  c o u l d  b e  u s e d  l a t e r  i n  o t h e r  f a c i . l j t i e s .  

111. BEHAVIOR OF SOLIDS, LIQUIDS, AND GASES I N  ZERO-G** __ 

Our u n d e r s t a n d i n g  of t h e  p h y s i c s  o f  m a t e r i a l s  c a n  ben'e- 
fit i n  two major ways from t h e  ze ro -g  env i ronmen t .  The p r e s s u r e  
i n  a f l u i d  can he made uni form t h r o u g h o u t  the c o n t a i n e r ,  and 
s t r u c t u r e s  and R a t e r i a l s  cio n o t  necd t o  s u p p o r t  t h e i r  own w e i g h t .  
The u n i f o r n i t y  of p r e s s u r e  i n  d f l u i d  i s  p a r t i c u l a r l y  impor ta r l t  . 
i n  e s p e r i r n c n t s  on phase  t r a n s i  t i o r , s  and f l u c t u a t i o n s - - a  f i e l d  
c u r r e n t l y  o f  wide  i n t e r e s t .  A s  a s p e c i f i c  example we c a n  c i t e  

* T h i s  i n v o l v e s  a l i g n i n g  massive i n s t r u m e n t s  t o  a few- 
mic ron  a c c u r a c y  o v e r  d i s t a r , c e s  of t h e  bider of many meters. 

**  The "Mater ia ls  S c i e n c e  and P r o c e s s i n g  i n  Space" STAC 
w h i t e  p a p e r  covers t h i s  a rea  i n  c o n s i d e r a b l - e  d e t a i l .  

_. .. . .* - -  - ~ .. ~ .. . . . ... . , . , . . - , . * ~ ~ . . .  . .. . . .. 

~~ 
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t h e  lambda t r a n s i t i o n  i n  l i q u i d  he l ium,  where t h e  g r a v i t y  
induced  p r e s s u r e  g r a d i e n t  smears  t h e  t r a n s i t i o n  t e m p e r a t u r e  
o v e r  r e g i o n s  so wide  t h a t  s t u d i e s  of thermodynamic p r o p e r t i e s  
c a n n o t  be  made R T  c l o s e  t o  t h e  lainhda p o 5 n t  a.s d e s i r e d .  I n  
g e n e r a l ,  p h a s e  t r a n s i t i o n s  i n  e a r t h - b a s e d  e x p e r i m e n t s  e x t e n d  
over a r a n g e  of  t e m p e r a t u r e s  b e c a u s e  t h e  p r e s s u r e  var ies  
t h r o u g h o u t  t h e  f l u i d .  U n i f o r m i t y  of  p r e s s u r e  i n  a f l u i d  may 
a l s o  be u s e f u l  i n  s t u d y i n g  t h e  dependence  of  c h e m i c a l  r e a c t i o n  
r a t e s  on p r e s s u r e  ( R e f s .  8 - 1 0 ) .  While  g r a v i t a t i o n a 1 , e n e r g y  
t e r m s  are  s m a l l  i f  compared t o  t h e  e l e c t r o m a g n e t i c  b i n d i n g  
f o r c e s  i n  m a t e r i a l s ,  t h e  a b s e n c e  of t h e  fo rmer  may p roduce  
i n t e r e s t i n g  e f f e c t s .  

Fo r  i n s t a n c e ,  t h e  c r y s t a l  s u r f a c e  s t r u c t u r e  of 
d r o p s  a l lowed  t o  s o l i c l i f y  under  zero-y  c o n d i t i o n s ,  f r e s  of 
any c o n t a c t ,  i s  of long  s t a n d i n g  in‘cerest .  t o  c r y s - k a l l i . z a t i o n  
t h e o r y .  
c a n  also b e  s t u d i e d .  

T h e  dyliamics of t h e s e  d r o p s ,  Jsuspeniled i n  f r e e  f a l l ,  

The impor t ance  of experi .ments  i n  g e n e r a l  r e l a t i v i t y  
l i e s  i n  t h e  f a c t  t h a t  t h e y  a re  conce rned  w i t h  t h e  l a r g e  sca l - e  
p h y s i c a l  l aws  which d e t e r m i n e  t h e  s t r u c t u r e  and b e h a v i o r  o f  t h e  
whole u n i v e r s e .  The re  a r e  some e x p e r i m e n t s  i n  t h i s  f i e l d  which 
c a n  b e  per formed on t h e  e a r t h  ( R e f s .  1 1 - 1 3 ) .  However, t h e r e  a re  
o t h e r  e x p e r i m e n t s  which c a n  o n l y  be done  i n  s p a c e .  
a l r e a d y  been  i d e n t i f i e d ,  and f u r t h e r  space e x p e r i m e n t s  w i l l .  
c e r t a j - l i l y  be d e f i n e d  i n  t h c  f u t u r e .  Most, i f  n o t , a l l ,  of t h e  
c a n d i d a t e  expe r in i en t s  c o u l d  p r o b a b l y  be  au tc~ i~ ,~a te t i  The j u s t i f  i.-- 
c a t i o n  for t h e i r  i n c l u s i o n  i n  ~,annec! nii . s s i - o n s  i s t h a t  t h e y  c0~il.d 
be  simpl.er (and  perhaps more e f f e c t i v e )  i f  o p e r a t e d  by man. Some 
01 iilese e>:pei-imc;i-ks , ~ i - 1 ~ 3  t h e  p a r t  t h 2 i - L  ma;; ~ 1 2 ~ s  i n  t h c x ,  a r c  
l i s t &  below. 

A few have  

A .  Space Stat . i .cn Exper imen t s  

1. S t a r l i g h t :  Def l e c t i o i i  Espe r imcn t  

T h i s  e x p e r i m e n t  employs a small c o r o n a g r a p h  t o  measure  
t h e  r e l a t i v i s t i c  d e f l e c t i o n  of s t a r l i g h t  p a s s i n g  n e a r  t h e  s u n  w i t h  
much g r e a t e r  p r e c i s i o n  t h a n  c a n  b e  done  f rom t h e  e a r t h  d u e  t o  
a t m o s p h e r i c  l i m i t a t i o n s .  The j u s t i f i c a t i o n  f o r  t h e  e x p e r i m e n t  is 

. . . . .. - _ _  _. - . . .... __l..____l - . . . ., .- . ., . . - . . - - . - ... . . 
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t h a t  if it were p r e c i s e  enough it might  d i s c r i m i n a t e  be tween t h e  
Brans-Dicke and E i n s t e i n  t h e o r i e s  o f  r e l a t i v i t y .  T h e r e  i s  some 
d i s a g r e e m e n t  among t h e o r i s t s  t h a t  t h i s  e x p e r i m e n t  c a n  d i s c r i r n i -  

for t h e r e  i s  n a t e  among d i f i e r e r , ?  t h e o r i e s  of g r a L l k t i o n ,  
a h e u r i s t i c  d e r i v a t i o n  o f  t h i s  e f f e c t  which i s  based  o n l y  on  t h e  
p r i n c i p l e  o f  e q u i v a l e n c e  and s p e c i a l  r e l a t i v i t y .  (15) However, 
t h e  v a l i d i t y  of  t h i s  t y p e  o f  d e r i v a t i o n  h a s  been  s e r i o u s l y  
q u e s t i o n e d .  I n d e e d ,  i n  t h e  o r i g i n a l  p a p e r  by Brans  and  D i c k e ,  
t h e y  show t h a t  t h e i r  t h e o r y  l e a d s  t o  a d i f f e r e n t  v a l u e  f o r  t h e  
d e f l e c t i o n  of  s t a r l i g h t  t h a n  d o e s  E i n s t e i n ' s  g e n e r a l  r e l a t i v i t y .  

(14) 

( 1 6 )  

T h i l s ,  t h i s :  is a n  i rnpor t zn t  expcr jn l .ent  n o t  only heca1ic;C 
it migh t  d i s c r i m i n a t e  between two conf 1 i c t i n g  theories, b u t  also 
b e c a u s e  it may answpr some t h e o r e t i c a l  q u e s t i o n s  concerning t h e  
p r o p e r  way t o  do c e r t a i n  r e l a t i i r i s t i c  c a l c u l a t i a n s .  
i s  d e s i r a b l e ,  f o r  the  B r a n s - D i c k e  t h e o r y  c o n t a i n s  a n  a d j u s t a b l e  
p a r a m e t e r  and t h e  h i g h e r  t h e  e x p e r i m e n t a l  p r e c i s i o n  the more 
m e a n i n g f u l  are t h e  bounds t h a t  c a n  be  p l a c e d  on t h i s  p a r s x e t e r .  

High p r e c i c : i o n  

2 .  I s o t r o p y  and  Spectrum of the Cosmolog ica l  Black-  
Body R a d i a t i o n  

Many of  t h e  p o s s i b l e  d e t e c t o r s  f o r  t h e  r a d i o m e t e r s  
used  i n  t h i s  expe r imen t  r e q u i r e  c r y o g e n i c  c o o l i n g  t o  a c h i e v e  t h e  
d e s i r e d  s i g n a l / n o i s e  r a t i o .  The c r y o g e n s  needed f o r  t h i s  job  
w i l l  p r o b a b l y  be a v a i l a b l e  on a manned s p a c e  s t a t i o n .  A l s o  t h e  
a v a i l a b i l i t y  of man w i l l  e n a b l e  a much s i m p l e r  e x p e r i m e n t  d e s i g n  
s i n c e  t h e  c a l i b r a t i o n  p r o c e d u r e s  need n o t  be au tomated .  Again 
t h e  presence of Ran w i l l  p e r m i t  l ong- t e rm measurements  y i e l d i  ny 
good s t a t i s t i c s .  

B .  Lunar Experim.ents 

O f  t h e  many man-deployed e x p e r i n e n t s  which w i l l  be 
d e v e l o p e d  o n  A p o l l o  m i s s i o n s ,  two y i e l d  i n f o r m a t i o n  which i s  
useful f o r  r e l a t i v i t y  t h e o r y :  Lunar G r a v i m e t e r s ,  and L a s e r  
Corne r  R e f  l e c  Lars. 
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. T h e  d i s c o v e r y  of g r a v i t a t i o n a l  waves would be  a n  
e x t r e m e l y  s i g n i f i c a n t  e v e n t .  A s e n s i t i v e  Lunar  Gravimeter 
p l a c e d  on  t h e  l u n a r  s u r f a c e  will p r o v i d e  u s e f u l  s e l e n o l o g i c a l  
d a t a  and a1J.r.: '_he moon t o  b e  used  a s  a:: a n t e n n a  f o r  the  
d e t e c t i o n  of  t h e s e  waves.  The a v a i l a b i l i t y  of men on t h e  moon 
i n  t h e  m i d - s e v e n t i e s  w i l l  e n a b l e  p l acemen t  and a d j u s t m e n t  of 
more advanced v e r s i o n s  of t h i s  i n s t r u m e n t .  Planned m a i n t e n a n c e  
w i l l  keep  t h e s e  g r a v i m e t e r s  o p e r a t i n g  over t h e  l o n g  p e r i o d s  
n e c e s s a r y  t o  e s t a b l i s h  whe the r  t h e r e  a re  a s i g n i f i c a n t  number 
of c o i n c i d e n c e s  between p o s s i b l e  g r a v i t a t i o n  wave e v e n t s  on 
t h e  moon and on e a r t h .  

Laser R e i r o - R e f l e c t o r s  are p i - c c i s i o n  o p t i c a l  d e v i c e s  
which c a n  r e t u r n  lczser beams t o  t h e  e a r t h  t o  e n a b l e  p r e c i s e  
t r a c k i n g  o f  t h c :  moon ' s  n o t i o n .  T h i s  informa.ti .on g i v e s  a v a r i e t y  
of d a t a  i r ic l .uding i n f  o r n z t i o n  c o n c e r n i n g  cosrnologicaI.  q u e s t i o n s  
s u c h  as  t h e  p o s s i h i l i k y  of t h e  v a r i a t i o n  of t h e  g r a v i t a - k j o n a l  
c o n s t a n t .  blen wi1.1 p l a c e  t h e s e  i .nstrut l ;cnts  on t h e  moon e a r l y  
i n  the A p o l l o  program I but r e p l a c e m e n t  w i l l  be needed th?roughout-. 
tile 1.970 ' s as t h e  reflectors become c:rcideci h i 7  ~ - * i - ~ j ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  . 
a v a i l - a b l e  f o r  the  ei . i jht  t o  t e a  y e a r  p 2 r i o d  rice6.cii t o  ob.'-- L c L i i i  ' cno~i~; ! ;  
d a t a  t o  dc te r i i i ine  i f  thc  g r a v i t a t i o n a l  constan-t C- c5i~.ncies r7 t; 
t h e  u n i v e r s e  exps.nds.  

, ' .  , .  i '[>.LS res . lc ; . c  <.TIL 1.s :~~~~~.?;l]--- t.0- i.;1 

v.  

Ideii  t i f y i n g  t h e  d i f f e r e n c e s  bet~\7e;311 asteroid and 
comct m a t e r i a l  may p r o v i d e  c l u e s  t o  t h e  h i s t o r y  of f o r m a t i o n  of 
t h e  so la r  sys t em.  The r e l a t i v e  s p e e d s  between t h e  e a r t h  and 
i n t e r p l a n e t a r y  mat te r  a re  of t h e  o r d e r  of 1 5  Ym/sec. Sample 
c o l l e c t i o n  w i l l  c o n s i s t  of d e p l o y i n g  e x t r e m e l y  p u r e  t r a p s  ( e . g . , .  
t u n g s t e n  b l o c k s ) ,  and  r e c o v e r i n g ,  r e s e a l i n g ,  and d e l i v e r i n g  them 
t o  e a r t h s i d e  l a b o r a t o r i e s .  I n - s i t u  a n a l y s i s  by on-board i o n i -  
z a t i o n  and mass - spec t romet ry  may a l s o  be  f ea s ib1 . e .  PIanned 
versus uiimannecl o p e r a t i n g  modes s h o u l d  he  detcrmlned by cost 9. 

e f  f e c t i - v e n e s s  I c o n v c n i e n c e  and r e l . i a b i l i t y .  

A r e l a f e d  f i e l d  i s  t h e  s t u d y  of t h e  Gegerischein,  
Zod.iacai l i g h t ,  and light from t h e  earth-moon l i - b r a t i o n  p o i n t s .  
These p l ~ ~ : - i O i : \ ~ l 1 a  all consist of s u n l i g h t  s c a t t e r e d  from i n t e r -  
planetary i-23 "LrL-Fal and so g i v e  , c l u e s  a b o u t  i t s  d i s t r i b u t i o n  i n  
t h e  sol-ar  s y s t e n .  3lan i s  q u i t e  uscfu l .  i n  t h i s  a r e a  because t h e  
equipiaent  reqcliJ:ed , small t r idz-angle  canlzras,  i s  so  s i m p l e .  
T h i s  i s  an exanip,le of a n  expe r imen t  which may n o t  j u s t i f y  a n  
unmanned 3-aunch because it  i s  so small it c a n  b e ' c a r r i e d .  i n t o  
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s p a c e  on  a manned l a u n c h  a t  essent ia l -1-y  no c o s t .  A l s o  it 
makes u s e  of m a n ' s  a b i l i t y  t o  c a l i b r a t e  and r e p a i r  equ ipmen t ,  
and  t o  i d e n t i f y  new t a r g e t s  f o r  s t u d y  and r ep rogram t h e  o b s e r v i n g  
s c h e d u l e .  A vn:-'y i n t e r e s t i n g  p o s a i b i l  i + x r  i.s t h a t  of m a t t e r  
c o l l e c t i o n  a t  t h e  l i b r a t i o n  p o i n t s  ( p o s s i b l y  by a s u b s a t e l l i t e )  
which  c o u l d  p r o v i d e  da t a  s i g n i f i c a n t  t o  s t u d i e s  of t h e  o r i g i n  
of t h e  so l a r  sys t em.  

V I .  MAGNETOSPHERIC PHYSICS, ETC. 

The Van A l l e n  be l t . s ,  a u r o r a ,  a u r o r a l  p r e c i p i t a t i o n ,  
i o n o s p h e r i c  d i s t u r b a n c e s ,  m a g n e t i c  storms, t h e  magne toshea th ,  
t h e  rmgRetcs25c::ic t z i l ,  t h c  sol2.r v i n d  , and so1z.r f lazes  re 
a l l  s e p a r a t e  rx inFfes t a t . i ons  of a more comprehens ive  phenomenon 
which ,  f o r  l a c k  of a be- t te r  name, can be call.ec1 s o l a r  s y s t e n  
w e a t h e r .  T o  d:?, t e  , however,  t h e y  hzve  been s tudj .ed  separ2 t e l y  
b e c a u s e  i n i t i a l  reyuj.rement-s have  beeg for de-irailed and 
s p e c i f i c  d e s c r i p t i o n s  of t h e  moi-pholor~y oC t h e s e  phenoxena . 
Large  nu!nbers of u!inianncd satel l . j . tes  and space pro5es have  
bee;: U S C ~  tc ci:p,lore  nil det n.j.:ie j u s t  v:i?at t h c  e 
of t.h? c>z-~-f-h is. (T,:;p c:>:i.:;k (1.' of t!lc: T,.'&D .:J:!.?;: 
not. p r o v 6  u n t i l  1.958, v.-hil-e e s o l a r  v:;.i?d KLS f i  
111  1.96%. ) D u c  t o  t h e  U r - ! i t c t 3  Stztt3s c;.:pIo::a'to::;- pr 
k i n d  now has a reasonak11.y cnrnplc-te p i . c t u r e  of hi.s erii7iro;~inerit . 
What i s  l a c k i n g ,  however,  i s  a conprehens i .ve  und-e r s t and ing  of 
t h e  i n t e r p l a y  of all these sepc7-rate phenomena and t h e i r  e v e n t u a l  
r e l a t i o n  t o  t h e  sun  and  sol.ar phenomena. (Ref. 1.7) 

I t  i s  i n  n b t a i n t n g  t h i s  syn0pt. i .c v iew of the fvnda.- 
m e n t a l  i n t c r a c t i o n  of  t h e  e a r t h  and sun t h a t  a manned o r b i t i n g  
l a b o r a t o r y  c a n  be most u s e f n l .  I t  seems r e a s o n a b l e  t o  assume 
t h a t  t h e  c h a r t i n g  of t h e  envi ronment  w i l l  c o n t i n u e  t o  be done  
by h i g h l y  s p e c i a l i z e d  unmanned s a t e l l i t e s  because  t h e  detec- 
t o r s  a re  g e n e r a l l y  smal l ,  and t h e  d e s i r e  i s  t o  have many o f  
t h e s e  i n  a nc tv iork  p r o v i d i n g  g l o b a l  c o v e r a g e .  These s a t e l . l i t c s  
c o u l d  bc taker ;  t o  t h e  manned s ta t j . .on  and t-hen I.aunchx3 i n d i v i d u a l 3 . y  
i n t o  o r b i t ,  i f  economic c o n s i d e r a t i o n s  w a r r a n t  t1ii.s cleployrnent 
mode. 

Tile oi.Li iiiiy.  1 - 1. 1- - __.. 
I C ~ U U L  c? LUL y could coridiic i expjerimeii is 

wj. t h i n .t he r m  9 ne  t o  s ph E':T i? vh i c !i v m u  1.d p r  0 1 7  i c i  e v a l u a b l e i. nf o r!<i 2 t j. o 7, 
on t h e  dynamics of t h e  r e g i o n .  Except  for t h e  S t a r f i s h  and 
Argus evc?ni:s vihich creates  a n  a r t i f i c i a l  V a n  A l l e n  b e l - t ,  t h e r e  
ha-ve been  no  e;:?erj.inc!nks of t h i . s  t y p e  ppzforrnec! i n  spc~.ce. I t  
i s  poss j .b l .e ,  f o r  exc?rciple, t o  i n j e c t  e l e C t r o n s  i n t o  t h e  magne tosphe re  
and  fo l low t h e i r  mo t ions  a l o n g  t h e  mcynet.i.c f i e l d  l i n e s .  I t  
i s  even  p o s s i b l e  i n  t h i s  way t o  form a r t i f i c i a l  a u r o r a e .  Envi ron-  
m e n t  mod i fy ing  e x p e r i m e n t s  of t h i s  t y p e  c o u l d  s t u d y  wave pro-  
p a g a t i o n ,  p a r t i c l e  d i f f u s i o n ,  and  t h e  dynamic c o u p l i n g  of magneto- 
s p h e r i c  phenomena. S u b s a t e l l i t e s  o f f e r  a wide  r a n g e  of e x p e r i m e n t a l  

. .- . . . _ _ _  .- .. - . . . .~ _ _ _  . . . __ .. .. . . .. . . - .  . - - -  I .  . . . ... . .. 
~ ~~ 
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o p p o r t u n i t i e s .  C o n t r o l l e d  from t h e  l a t o r a t o r y  t h e s e  m i g h t  be 
u s e d  t o  p r o b e  r eg j -ons  inaccess ib1 . e  t o  t h e  s t a k i o n  and t o  s t u d y  
t h e  wakes of v e h i c l e s ,  r a d i o  t r ansm. i s s ion  c h a r a c t e r i s t i c s ,  
w a v e - p a r t i c l e  i n t e r z c t i o n s ,  and w h i s t l e r  p r o p a g a t i o n .  (Eef . 1 8 )  

V I I .  C R I T I C A L  ISSUES 

The r e a l i z a t i o n  of t h e  g o a l s  d e s c r i b e d  i n  t h i s  p a p e r  
i s  n o t  dependen t  on major t e c h n i c a l  i n n o v a t i o n s .  N e i t h e r  i s  
t h e r e  a r e a s o n  t o  e x p e c t  t h a t  t h e  g o a l s  of s e c t i o n s  I1 t h r o u g h  
V I  w i l l  undergo  s u b s t a n t i a l  c h a n g e s .  I m p l e m e n t a t i o n  by manned 
o r  unmanned modes will depend on t e c h n o l o g i . c a 1  d e v e l o p m e n t s ,  
c o s t ,  and p o l i t i . c a 1  c o n s i d e r a t i o n s .  

High Energy and Cosmic Ray P h y s i c s  must  be p l a c e d  
on  a d i f f e r e n t  s t a n d - i n g .  T h i s  progrF!i:i i s  by far- t h e  m o s t  
a m h i t i o u s  one  i n  terns of c o s t ,  s.:eight and povrer consumpt ion .  
P a r t i c l e  d e t e c t i o n  techmiclues may undergo  raci ical .  c h a n g e s ,  and 
c o n t i n u i n g  a c c e l e r a t o r  and t h e o r e t i c a l  work c o u l d  makc t o d a y  ' s 
q u e s t i o n s  i r r e l e v a - n t  t e n  y e a r s  hence .  I t  i s  w i t h  these f a c t s  
i n  mind  that vie p re sen t .  t h e  conclusi.o:is znd reconur:r~:-!cia';ior~s of 
sc>c;:j~oii IX. 

1717 I. 0i33J'~AL C@i.TSiI~li'i'.T,rl'l~GSL=, I 

1. High Energy and Cosmic Rap P h y s i c s :  An o r b i t  
provic1.i ny l o w  r a d i a t i o n  background i s p r e E e r a h l e  b u t  n o t  
necessary. 

2 .  Behavior  of ? . la t ter  i n  Zero-G: Due t o  a t n o s p h e r i c  
d r a g  t h e  l o w e s t  a l l o w a b l e  o r b i t  w i l l  depend on t h e  r e q u i r e m e n t s  
of  t h e  e x p e r i m e n t .  T a h l c  I shows v a l u e s  c a l c u l a t e d  f o r  t h e  
Apollo-7 command and s e r v i c e  modules .  ( R e f .  1 9 )  A c c e l e r a t i o n s  
a r e  g i v e n  i n  g ' s  and d i s  t h e  d i s t a n c e  a body would move i f  
s u b j e c t e d  t o  t h e  r e s p e c t i v e  c o n s t a n t  a c c e l e r a t i o n  f o r  f i v e  
m i n u t e s .  

TABLE I 

A 1 ti t ud e 
(Kin j --___- 

20G 

3 0 0  

4 0 0  1 x l o +  

d ( c m )  

3 2 . 0  

3 . 2  

0 . 5  
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Other  o r b i t a l  c o n s t r a i n t s  c a n  b e  found i n  t h e  " M a t e r i a l s  
S c i e n c e  and P r o c e s s i n g  i n  Space" STAC w h i t e  p a p e r .  

, 3 .  G r a v i t a t i o n  P h y s i c s :  N o  o r b i t a l  p r e f e r e n c e .  
The expeririierlc un s t a r l i g h t  d e f l e c t i o n  t~ t h e  sun  ( d e s c r i b e d  

n o t  c o n t i n u o u s l y ;  t h u s  a sun-synchronous  o r b i t  i s  u n n e c e s s a r y .  
I -  I i n  S e c t i o n  IV)  depends  on  o b s e r v a t i o n s  o v e r  l o n g  p e r i o d s ,  b u t  

c 4 .  Micrometeoro id  Measurements:  N o  o r b i t a l  p r e -  
f e r e n c e .  S u b s a t e l l i t e s  c o u l d  b e  u s e d  f o r  sample  c o l l e c t i o n s  
i n  areas t h a t  t h e  s t a t i o n  d o e s  n o t  r e a c h .  

5 .  Magne tosphe r i c  P h y s i c s :  N o  o r b i . t a l  p r e f e r e n c e  
f o r  t h e  s t a t i o n .  It would b e  u s e d  t o  l a u n c h  and s e r v i c e  s inal1 
p r o b e s  t h a t  w i l l  b e  p a r t  of a g l o b a l  ne twork .  

I X  . CONCLUSIOl\?S AND REC.CI:*11.IENDA?'I:ONS ---- ___ 

We f e e l  t h a t  i f  t e c h n o l o g y ,  c o s t  c o n s i d e r a t i o n s ,  
and /o r  n a - t i o n s l  g o a l s  make avai 1abl.e a manned c a p a b i l i t y  the 
p~csr3iic.e of mr_n i;! spzcs  t : i l l  r m k c  p o s s i b l c  t!l=: irr;,jinm~:,ni_.iZic-,11 
of tile programs dcsc r ibec i  abovn.  r h . 1 1  w i l l .  d e p l o y  ca i ib - r - - l t c  A i .  ~ 

and r e p a i r  i n s t r u n e n t a t i o n  as nt.edecl. E I i s  r o l e  cis a n  obser-,,7e1: 
wi1. l  be  p a r t i  c u l a r l - y  useful whi~1.c w n r i r i r ~ ~ - ~  nn the ~ s e l i ~ v i o r  cf 

d e s c r i b c d  i n  s e c t i o n s  111 t h r o u g h  V I  c o u l d  be v e r y  a t t r a c t i v e  
if i n t e g r a t e d  w i t h i n  a l a r g e  manned f a c i l i t y .  The  p a r t i c l e  
p h y s i c s  f a c j . l i t y  should be separate frorrt t h e  r m i n  s t a t i o n ,  
since i t s  e l -ec t rornagnet ic  n o i s e  output may p r o v i d e  a n  i n t o l c r a b 1 . e  
background f o r  some of  t h e  o t h e r  e x p e r i m e n t s  d e s c r i b e d .  Only 
p e r i o d i c  v i s i t s  w i l l  be n e c e s s a r y ,  and t h e  key t o  i t s  s u c c e s s  
w i l l  be t h e  v e r s a t i l i t y  i n t r o d u c e d  by h a v i n g  men r e a r r a m g e  t h e  
hardware  a s  n e c e s s i t a t e d  by t h e  e s t a b l i s h e d  program and new 
deve lopmen t s  i n  t h e  f i e l d .  

mL. .-. --.-. - .̂  - -.. -- 1. - 1 
~~ ujcj - -. . matter w d e r  zere-gr2vi t .y cGr;di?-..ions . l l l C  CA2LJCL ~ M < ! l l L . a . l  C l l t l S  

I t  w i l l  be n e c e s s a r y  t o  folioti7 p r o g r e s s  i n  t h i s  
f ie1.d q u i t e  c l o s e l y  t o  i n s u r e  t h a t  t h e  programs ai1d faci1i t : i .e ; '  
w i l l  n o t  b e  o b s o l e t e  when o r b i t e d .  

L K  
1015-WDG-rghe 
1 0 1 1 - R H H  

At t achmen t  
B i b l i o g r a p h y  
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